Recebido em 22/9/09; aceito em 28/1/10; publicado na web em 3/5/10 A sensitive RP-HPLC method with UV detection successfully measured phenol(s) in an ointment containing 3% Stryphnodendron adstringens extract. Chromatography used acetonitrile (0.05% trifluoroacetic acid):water (0.05% trifluoroacetic acid) (v/v), flow rate 0.8 mL min -1 . Quantitation was accomplished by the external-standard method. Linearity for 2.00 to 16.00 mg mL -1 (gallic acid) and 1.14 to 18.24 mg mL -1 (gallocatechin) was established. Intra-and inter-day precision levels were under 5%. LOD and LOQ were 0.231 and 0.770 mg mL -1 (gallic acid) and 0.151 and 0.504 mg mL -1 (gallocatechin), respectively. Determination of phenols was unaffected by product excipients.
INTRODUCTION
Stryphnodendron adstringens (Mart.) Coville is a medicinal plant that grows in the Cerrado (savanna) of Brazil and is commonly known as 'barbatimão'. The stem bark of S. adstringens is mentioned in the Brazilian Pharmacopoeia, and contains at least 8% total tannins. 1 Decoctions or infusions of the crude drug are traditionally used by the native population of Brazil to treat wounds, leucorrhea and diarrhea, and as an anti-inflammatory agent. 1 Previous investigations of the chemical composition of S. adstringens have indicated the occurrence of several flavan-3-ols, prodelphinidin and prorobinetinidin compounds, including several new compounds. [1] [2] [3] [4] The wound-healing, 5 anti-inflammatory, 6 antimicrobial, 7, 8 antiulcer 9 and antinociceptive activities 10 of an acetone-soluble fraction, ethyl-acetate or water semipurified fraction from the stem bark were attributed to the presence of proanthocyanidins.
Plant polyphenols are secondary metabolites that are found widely in medicinal plants and foods, and can be classified as condensed proanthocyanidins, galloyl and hexahydroxydiphenoyl esters, and phlorotannins. 11 These polyphenols show several kinds of pharmacological activity, including anti-inflammatory, 12 antimicrobial 13 and antiulcer, 14 and are of technological importance because of their antioxidant activity 15 and protein-binding potential. 11 The basic characteristic that gives plant polyphenols their biological properties seems to be the high concentration of ortho-phenol-hydroxyl groups. 11 Many studies have been carried out on extracts of S. adstringens. However, the validation of an efficient analytical method is an integral part of the quality control of the source material, in order to guarantee the safety and effectiveness of the end product as required by the Brazilian regulating agency in Regulation RDC 48/2004. 16 Several HPLC methods have been described for the analysis of phenolic compounds and/or plant polyphenols, including gallic acid and gallocatechin, in medicinal plants. [17] [18] [19] [20] [21] However, only a few methods have been reported for the determination of plant polyphenols (condensed proanthocyanidins) in commercial plant extracts. 22, 23 To the best of our knowledge, so far no systematic LC-method for the determination of plant polyphenols in pharmaceutical formulations has been published. This paper reports a sensitive method for RP-HPLC determination that employs UV detection, which is useful for routine quality control of gallic acid and gallocatechin in a pharmaceutical formulation (ointment) containing an extract of S. adstringens. The method was validated by the parameters of specificity, linearity, detection and quantitation limits, accuracy, precision and robustness.
EXPERIMENTAL

Chemicals and reagents
All reagents and solvents were of analytical and HPLC grade, including ethyl acetate and trifluoroacetic acid (TFA) (Merck, Darmstadt, Germany). Ultra-pure water obtained using a Milli-Q ® UFPlus apparatus (Millipore, Bedford, MA, USA) with conductivity of 18 mW was used in all experiments. Gallic acid and gallocatechin (Sigma, USA) of the highest grade (purity>99.0%) were used as external standards. Gallic acid and gallocatechin were determined in a pharmaceutical formulation (ointment). The ointment was prepared using 3% of the extract of S. adstringens, which contains 50% total tannins. The placebo formulations were prepared without the extract.
Instrumentation and chromatographic conditions
The analyses were carried out using a HPLC system (Gilson, USA) consisting of a solvent delivery pump (Model 321), a variable wavelength UV/VIS detector (Model 156), a manual injection valve (Rheodyne ® , USA) with a 20 mL loop, degasser (Model 184), and thermostatted column compartment (Model 831). Data collection and analyses were performed using UniPoint™ LC System Software (Gilson, Villiers-le-Bel, France). A gradient elution was performed on a Phenomenex ® Gemini C-18 column (250 mm x 4.6 mm i.d.) (Phenomenex International, USA), 5 mm particle size, Phenomenex ® SecurityGuard™ (C-18 cartridge) (20 mm x 4.6 mm i.d.). The mobile phase consisted of water (0.05% TFA) as solvent A and acetonitrile (0.05% TFA) as solvent B, and both were degassed and filtered through a 0.45 mm pore size filter (Millipore, Bedford, USA). Separations were effected by a linear gradient as follows: 0 min 5% B; 10 min 19.35% B; 13.5 min 25% B; 23 min 38% B; 25 min 75% B, followed by a 10 min re-equilibration time. The mobile phase flow rate was 0.8 mL min -1 and the injection volume was 100 mL. The chromatographic runs were carried out at 28 °C. UV detection was performed at 210 nm.
For the determination of peak purity, the Varian ProStar module (Varian, Palo Alto, CA, USA) with ProStar 210 Solvent Delivery and a ProStar 335 HPLC-DAD was used.
The statistical analyses of the data were performed by means of Statistica 7.0 Software (Statsoft Inc., Tulsa, OK, USA).
Sample preparation and purification
An accurately weighed portion of ointment (4.17 g) equivalent to 250 mg of the extract of S. adstringens was dissolved in 20 mL water, extracted with 500 mL ethyl acetate, and allowed to rest in a freezer (-18 ºC) for 15 min, for total separation of the phases. The ethyl-acetate phase was concentrated under reduced pressure in a rotavapor, yielding a brown residue (RES). The RES was dissolved in methanol:water (50:50, v/v) to 100 mL (Stock Solution-SS). Dilutions of the SS were prepared to obtain the following theoretical concentrations: 20.85; 33.36 and 41.70 mg mL -1 corresponding to the ointment. Next, the flask was shaken for 5 min, and the sample was filtered through a 0.5 mm membrane filter (Millipore, Bedford, MA, USA). The sample injection volume was 100 µL.
Preparation of standard solutions
Preparation of gallic acid calibration standards
A gallic acid stock solution of 100 mg mL -1 was prepared in methanol:water (1:1 v/v) using the gallic acid reference standard. Calibration standard solutions at five levels were prepared by serially diluting the stock solution to concentrations of 2.00; 4.00; 8.00; 14.00; and 16.00 mg mL -1 . The samples were filtered through a 0.5 mm membrane (Millipore, Bedford, MA, USA) prior to injection. Each analysis was repeated five times, and the calibration curves were fitted by linear regression.
Preparation of gallocatechin calibration standards
A gallocatechin stock solution of 152 mg mL -1 was prepared in methanol:water (1:1 v/v) using the gallocatechin reference standard. Calibration standard solutions at five levels were prepared by serially diluting the stock solution to concentrations of 1.14; 2.28; 4.56; 9.12 and 18.24 mg mL -1 . The samples were filtered through a 0.5 mm membrane (Millipore, Bedford, MA, USA) prior to injection. Each analysis was repeated five times, and the calibration curves were fitted by linear regression.
Validation parameters
The method was validated by regulation RE 899/2003 of the National Health Surveillance Agency, Brazil 24 and the ICH guidelines. 25 The following validation characteristics were assessed: specificity, linearity, limit of detection and quantitation, accuracy, precision and robustness. 26 
Specificity
The specificity, defined as the ability of the method to measure the analyte accurately and specifically in the presence of components in the sample matrix, was determined by analysis of chromatograms of standards, ointment, and placebo formulation. The Varian Prostar system described above was employed.
Linearity
Standard calibration curves were prepared with five determinations over a concentration range of 2-16 mg mL -1 for gallic acid, and over a range of 1.14-18.24 mg mL -1 for gallocatechin, processed separately and run in duplicate daily on 3 consecutive days. The data for peak area versus drug concentration were treated by linear regression analysis.
Sensitivity
The LOD and LOQ were determined from the calibration curves of the gallic acid and gallocatechin standards. LOD was calculated according to the expression 3s/S, where s is the standard deviation of the response and S is the slope of the calibration curve. LOQ was established by using the expression 10 s/S.
Accuracy
The accuracy was evaluated by adding known amounts of the extract at 50% in the placebo ointment at three concentrations (low, medium and high). The theoretical concentrations of the gallic acid and gallocatechin were, respectively: 4.52, 9.03 and 13.55 mg mL 
Precision
The test of repeatability was carried out using three determinations for each corresponding concentration of the ointment (20.85, 33.36 and 41.70 mg mL 
Robustness
The robustness of the method was evaluated by analyzing the data for the system suitability parameter after varying the HPLC wavelength from 210 nm to 212 nm. 26 
RESULTS AND DISCUSSION
Several reversed-phase HPLC methods using various mixtures of acetonitrile/water or methanol/water with acetic acid, phosphoric acid or TFA have been used for analysis of plant polyphenols and also condensed tannins, in crude plant materials and food products. 18, 20, 21, 27, 28 Up to the present, no published method is available for the simultaneous determination of gallic acid and gallocatechin in pharmaceutical formulations. The elimination of high-molecularweight polyphenolic substances from the plant extract is critically important because of the interaction that these substances show with the stationary phase, which can seriously damage the analytical column, leading to interference with the chromatographic process. Therefore, in this study, the extraction of phenolic compounds (gallic acid, gallocatechin and others) from the ointment was optimized by using a mixture of water:ethyl acetate.
The goal of optimization was to develop a chromatographic method for two phenolic compounds (gallic acid and gallocatechin) and with good peak resolution between the two, with the most efficient analysis time. The use of the C-18 Column (Phenomenex) allowed us to explore a pH range between 1.0 and 4.0. In developing the method, addition of 0.05 to 0.1% TFA, which suppresses the ionization of phenol groups, to all the solvent systems improved the separation of the phenol compounds. 21 Therefore, the use of TFA is essential for complete separation. 29 The gallic acid and gallocatechin in the ointment were identified by comparing their retention times with the chromatogram of the standards and by re-chromatography. The chromatographic conditions described in this method were arrived at after investigating several mobile phases consisting of mixtures of acetonitrile, and methanol and water in different ratios. Symmetrical, sharp and well-resolved peaks were obtained for gallic acid and gallocatechin. A typical chromatogram obtained from the samples is shown in Figure 1 . There were no peaks due to other, minor coextracted materials interfering with the gallic acid and gallocatechin. The retention times for gallic acid and gallocatechin were 8.39 and 10.82 min, respectively.
The selectivity of the assay was determined by placebo analysis. Placebos of an ointment containing all the normal ingredients except the extract of S. adstringens were prepared. They were treated in the same manner as the normal samples, and samples were injected for study of interference by other ingredients in the selectivity of the gallic acid and gallocatechin separation (Figure 1) . The peak at 23.88 min (P), which corresponds to the placebo component, demonstrated the specificity of the method, because the peak was found outside of the retention time of the substances analyzed (Figure 2 ). The resolution of the peaks of gallic acid and gallocatechin in the sample, after analysis of the chromatograms by means of a chromatograph with a photodiode-array detector, indicated the specificity of the method (data not shown). The UV spectra of the substances (gallic acid and gallocatechin) confirmed the absence of impurities, because these did not change between the beginning and end of elution.
Based on 1/x weighted linear regression analysis, the responses for both standards in related concentration ranges were linear. The calibration equations were y=38002x+7991.81 (n=5, r 2 =0.9992) for gallic acid and y=52602x-6458.47 (n=5, r 2 =0.9998) for gallocatechin. The RSDs of the slopes were ≤5% for both analytes (n=5). Table 1 shows the back-fit calculations for curve data for the standards used in the validation runs, as well as the precision and accuracy of the back-fit calculations.
The LOD, defined as the lowest concentration of gallic acid and gallocatechin in an ointment that can be detected but not necessarily quantified under the stated experimental conditions, was 0.231 and 0.151 mg mL -1 , respectively. The LOQ, defined as the lowest concentration of gallic acid and gallocatechin in an ointment that can be determined with acceptable precision and accuracy, was 0.770 and 0.504 mg mL -1 , respectively. Accuracy was determined by analyzing a sample of known concentration and comparing the measured value with the true value, using the method of standard addition. Table 2 summarizes the results for accuracy, expressed as the percentage of recovery and relative standard deviation (RSD) for the two approaches. The method showed good accuracy.
The results obtained from the analyses of the precision are listed in Tables 3 and 4 , as mean recovery (%). The data show that there were no significant differences between the assay results either within-day or between days, indicating that the precision of the proposed method was good (RSD less than 2%). To ensure that the HPLC method is insensitive to minor changes in the experimental conditions, it is important to demonstrate the robustness of the method. 26 When the wavelength was changed by 2 nm, from 210 to 212 nm, this alteration caused no significant change in resolution between gallic acid and gallocatechin. This demonstrated the robustness of the method, under the conditions evaluated.
In conclusion, the HPLC method developed to analyze polyphenol compounds in an ointment was specific, linear, accurate, precise, and robust (under the conditions evaluated). A reversed-phase HPLC method allowed the simultaneous detection and quantitation of both gallic acid and gallocatechin in a specific pharmaceutical formulation (ointment).
The validation procedure confirmed that this is an appropriate method for quality control when an extract of Stryphnodendron adstringens containing 50% tannins is used in an ointment at a concentration of 3%, in a pharmaceutical formulation. 
